1 2 While ecological links between ecosystems have been long recognised, management rarely 3 crosses ecosystem boundaries. Coral reefs are susceptible to damage through terrestrial run-off, 4 and failing to account for this within management threatens reef protection. In order to quantify 5 the extent to that coral reef users are willing to support management actions to improve 6 ecosystem quality, we conducted a choice experiment with SCUBA divers on the island of 7
Introduction 19
The application of user fees to fund environmental conservation is well established within 20 National Parks, and when managed correctly can generate significant gains in environmental 21 protection (Thur, 2010; Wielgus et al., 2010) . Implementing user fees requires an 22 understanding of how users value, and benefit from, ecosystem quality, to enable fees to reflect 23 user preferences. However, an under-investigated issue is whether there is scope for 24 implementing fees "across ecosystem boundaries" in order to finance environmental 25 improvements. In this paper, a stated preference method is used to investigate the scope for 26 such across-boundary financing mechanisms. Specifically, we identify fee levels consistent with 27 users' stated maximum willingness to pay for well-defined environmental improvements that 28 result from costly terrestrial conservation actions. 29 30 Stated preference methods are frequently used to estimate the willingness of users to fund 31 environmental improvements. Among the set of stated preference methods, choice experiments 32 allow valuation of ecosystem attributes, drawing direct links between willingness to pay and 33 environmental change, and permitting comparisons of alternative management options. A 34 number of options for modelling choice experiment data exist. While the multinomial logit 35 model is the simplest approach, random parameter or latent class logit models enable 36 incorporation of individual preference heterogeneity, that better reflects preferences across the 37 population of users (Train, 2009) . 38 39 Though user fees have seen some success in conservation funding, they remain limited by the 40 small spatial scales of their application. Fees typically relate directly to the resource under use, 41 despite ecosystem health depending on ecosystem functions and services supplied on a much 42 larger spatial scale. This is well illustrated through fees charged to divers visiting coral reefs. 43
Coral reef health is intrinsically linked to its terrestrial catchment, high sediment levels entering 44 the marine system reduces light availability causing declines in coral growth rates (Fabricius, 45 2005; Pollock et al., 2014; Rogers, 1990) . Coral mortality rises (Fabricius, 2005) , while 46 recruitment and fecundity fall (Edmunds and Gray, 2014; Rogers, 1990; Wenger et al., 2014) . 47
Small fish abundance, fish productivity (Rogers, 1990) , and fish species richness (DeMartini et  48 al., 2013), also decline. Increased nutrient loads compound coral reef degradation through 49 increasing algae growth (Fabricius, 2005) . Rogers, 1990) , joint management and funding is rarely achieved in practise 54 (for exception see Hawaii's 'ridge to reef' environmental program). The user base provided by 55 divers, coupled with the tight connection between the terrestrial ecosystem and coral reefs, 56 present the opportunity to investigate a user fee designated for protection of supporting 57 systems, and provide an opportunity to investigate how much divers are willing to pay to fund 58 terrestrial conservation actions that lead to improvements in reef health, as well as generating 59 other benefits. Throughout these studies, divers have been found to have a positive willingness to pay for reef 67 attributes and management. Willingness to pay remained positive even where management 68 increased requirements on divers, such as education courses (Sorice et al., 2007) , or limiting 69 site access (Sorice et al., 2007; Yacob and Shuib, 2009 ). These studies illustrate that divers not 70 only recognise reef decline, but appreciate that as users they have a responsibility for funding 71 reef protection activities. Previous studies on Bonaire (our case study system), found divers and 72 tourists to have positive willingness to pay to protect marine health (Parsons and Thur, 2008; 73 Schep et al., 2013) . Divers were found to have an estimated welfare loss of $45 to $192 74 (2002USD) per person per trip for "small" to "large" declines in reef health (Parsons and Thur, 75 2008) . 76
77
In this paper, we estimate divers' willingness to pay for improvements to specific coral reef 78 attributes, and link these payments to management options related to reducing terrestrial 79 sediment run-off. This enables results to feed directly into a wider ecosystem service protection 80 policy. As far as we are aware, our study represents the first attempt to estimate divers' 81 willingness to pay for terrestrial conservation in the Caribbean region. We also show how 82 choice experiments can be used to estimate the contribution that users can make to 83 environmental conservation actions that cross ecosystem boundaries, in this case between the 84 marine and the terrestrial. The island's economy is based on dive tourism to its coral reef. Stay-over tourists numbered 90 over 126,000 in 2014, and direct tourist spending made up 16.4% of the island's GDP (Statistics 91 Netherlands, 2015). Though Bonaire is well known for its marine biodiversity conservation, the 92 island has a highly degraded terrestrial ecosystem (Freitas et al., 2005) , which threatens the 93 health of the island's coastal waters (Slijkerman et al., 2011; Wosten, 2013 The attributes selected were horizontal visibility, percentage coral cover, and percentage fish 103
decline. An annual user fee is already in place, therefore the fee mechanism was an increase in 104 this fee (Table 1) . Each choice task included a status quo (business-as-usual) option, with the 105 current fee of $25 and the largest potential declines arising from increased sedimentation. To 106 assist with comparison between choice alternatives, choice cards included photographs of the 107 coral reef to illustrate percentage coral cover, with levels of visibility and fish decline indicated 108 using numbers of stars (as a common icon to indicate rating, as no icon for visibility could be 109 identified) or fish icons, respectively (Figure 1. ). An opt-out option of taking no diving trip was 110 not provided, as the number of divers continues to increase (PADI, 2010), despite reef health 111 decline worldwide. It would therefore not be expected that Bonaire's divers would cease taking 112 dive holidays in response to continued decline. 113 The survey instrument was refined following feedback from five dive instructors and ten divers. sampling strategy was employed, approaching divers between dives at shore accessible dive 151 sites, and when disembarking from boats. These locations were chosen to ensure the sample 152 included both 'resort' divers, who are restricted by boat schedules to dictate location of dives, 153
and 'independent' divers, who rent vehicles and have flexibility to visit dive sites at choice. We 154 anticipate that there are slightly more 'independent' divers than 'resort' divers, based on source, and therefore readily accessible, software, with the package 'mlogit'. 95% confidence 170 intervals were estimated using the delta method. As R does not have packages for latent class 171 modelling, this model was estimated in STATA, using packages 'mixlogit', 'lclogit', 'gllamm', and 172 'fmlogit'. 173 174
Results 175
We conducted 299 surveys (72% success rate, 58% shore dive sites, 42% from boats). 176
Respondent characteristics are reported in Table 2 . Respondents reported high certainty about 177 their choices, believed they have enough information to make a choice, and had high 178 understanding of the choice task (Table 3) . They reported all reef attributes as highly important 179 and the annual fee of mid-level importance ( being that they should not be responsible for payment (11 protests), or that the current fee is 194 not used correctly (9 protests). These bids were removed from all further analysis. 195
196
The multinomial logit model showed that each attribute was statistically significant in terms of 197 explaining choices, with positive coefficients for the reef attributes and status quo, and a 198 negative cost coefficient (Table 5) . Respondents who were more likely to not plan to return to 199
Bonaire within the next five years, more likely to have be highly qualified, and have lower 200 income were more likely to chose the status quo option (Table 5) . The random parameter logit model identified all reef attributes as random, modelled with a 208 normal distribution. The standard deviations of the cost and status quo were not significantly 209 different from zero, and were thus treated as non-random. All attributes was significant, with 210 positive coefficients for the reef attributes and status quo, and a negative cost coefficient. The 211 significant standard deviation values indicate significant preference heterogeneity in the reef 212 attributes ( Table 5 ). In line with the multinomial logit model respondents that were less likely 213 to plan a return trip to Bonaire within the next five years, had high diving qualifications, and had 214 lower income were more likely to select the status quo option (Table 5) . 215
216
For the latent class analysis, investigation of model errors, class share, and consideration of the 217 data identified the appropriate number of latent classes as three. Though AIC values showed 218 small improvement with increasing numbers of classes, classes added above the three selected 219 had very small class shares, and were therefore not seen to add information to the model. 220
Attributes in all classes show the expected sign, and negative cost coefficients (Table 5 ). Class 221 one, with the highest class share (0.66), have a positive preference for all reef attributes, and a 222 negative preference for the status quo. Respondents more likely to belong to Class two (class 223 share: 0.20) show a positive preference for visibility and coral cover, no significant preference 224 for reducing fish decline, and a negative preference for the status quo. Respondents more likely 225 to belong to Class three (class share: 0.16) have no significant preference for any reef attribute, 226 but a positive preference for the status quo. Classes one and two are characterised by being 227 more likely to return to Bonaire within the next five years (Table 5) . 228
229
Model fit was best for the latent class logit model, followed by the random parameter and 230 multinomial logit, including individual variables, when considering AIC values (Table 6) . Willingness to pay estimates were calculated for all models (Table 7) . Willingness to pay was 237 positive for each reef attribute in the multinomial logit and random parameter logit models, 238 with higher estimates in the multinomial logit model. In the latent class model class one (class 239 share: 0.66) were willing to pay for improvements for all reef attributes, with willingness to pay 240 higher than in class two or estimated through the multinomial or random parameter logit 241 models. Class two had a positive willingness to pay for improvements in coral cover and 242 visibility only (class share: 0.20). Class three were not willing to pay for reef health 243 improvements achieved through terrestrial conservation (class share: 0.16) ( Table 7) . 244 
Discussion 248
Tourist divers on Bonaire have a positive willingness to pay for terrestrial conservation 249 measures that reduce sedimentation, where this is expected to reduce reef health decline. 250
Taking estimates from the most conservative latent class, divers would be willing to pay an 251 annual fee of up to $31.17 to maintain high marine quality (30m visibility, over 75% coral 252 cover), that is $6.17 (24.6%) above the current $25 fee. 253
254
As noted above, a lack of recording of tourist divers on Bonaire prevented random sampling, 255 meaning convenience sampling was used. We sampled divers at resorts and shore dive sites, to 256 English. Due to the lack of representativeness of our sample for the total population of divers, 264
we did not generate aggregate maximum willingness to pay estimates from the sample data. Planned return within five years was associated with positive willingness to pay in the 277 multinomial, random parameter and latent class logit models. In the multinomial and random 278 parameter models anticipated return within five years decreased the likelihood of selecting the 279 no-improvement status quo, and in the latent class model increased likelihood of membership 280 of a class with a positive willingness to pay. This is to be expected, as repeat visitors will 281 continue to gain utility from coral reef protection into the future. In the multinomial and 282 random parameter logit models income was also negatively associated with selection of the 283 status quo, as higher income is associated with lower economic constraints. Unexpectedly in 284 both models, higher levels of dive qualification was associated with higher preference for the 285 status quo. This may be a result of Bonaire's reputation for 'easy' diving, with little in the way of 286 currents, and simple navigation. For divers with higher qualifications they may be less 287 constrained to 'easy' locations, and therefore have more options for 'high quality' reef diving. 288
Those divers with fewer qualifications may feel they have fewer substitutes, and therefore more 289 to gain in protecting Bonaire's reef in particular. 290
291
Divers who are more likely to belong to latent classes one and two have a positive willingness to 292 pay for maintaining reef health, with a larger willingness to pay in class one. Class two were not 293 willing to pay to reduce fish decline. This may relate to the unfamiliarity of rating fish 294 abundance, when compared to visibility and coral cover. Both visibility and coral cover are 295 routinely included numerically in dive site reports, and divers will estimate visibility when 296 logging dives. Fish abundance, however, is typically only included in reports when it differs 297 from the average for the area. The largest decline presented (35%) may be an acceptable level 298 of decline, with disutility not arising until larger declines are seen. Alternatively, the use of 299 abundance as the attribute to represent fish populations may not capture what respondents 300 value about fish, in that diversity, size or rarity may have been more highly valued (Uyarra et al., 301 2005) . 302 303 Divers belonging to class three were not willing to pay to maintain reef health. Excluding protest 304 bid 32 respondents stated they were not willing to pay for improved reef quality through 305 terrestrial conservation. Follow up questions illustrated that the most common reason was that 306 they could not afford more than the current fee (18/32 respondents), and/or that they did not 307 agree with the proposed conservation measures (19/32 respondents). This identification of 308 groups with objections to proposed management options is important to enable early measures 309 to manage conflict to be established (Estévez et al., 2014) . 310 311 Worldwide, we are aware of only two papers linking valuation of coral reefs to terrestrial 312 conservation. Residents on the catchment of the Great Barrier Reef were found to have a 313 positive willingness to pay for reef protection through changing agricultural practises (Rolfe 314 and Windle, 2011), while divers in Guam were estimated to have a willingness to pay of $10 to 315 reduce sedimentation onto coral reefs (Grafeld et al., 2015) . Our study broadly agrees with 316 these findings, though we estimate higher willingness to pay from divers. This difference likely 317 arises through Guam offering a number of attractions beyond diving, and therefore attracting a 318 more casual diver than those visiting Bonaire purely for the purpose of diving. It would be 319 reasonable to expect therefore that these divers have reduced willingness to pay when 320 compared to the committed divers visiting Bonaire. We acknowledge extensive field support provided by Bonaire NGO, Echo, during data collection, 347 and the generosity of Great Adventures, Bonaire, Wannadive, Bonaire, Dive Friends, Bonaire, 348 and Divi Dive, Bonaire in allowing us to conduct surveys at their locations. This work was 349 funded by the University of St Andrews, School of Geography and Geosciences. We thank the 350 editor and two referees for helpful comments on an earlier version of the paper. 351
